Abstract. Honey bees, Apis mellijka, were trained along a row of four identical landmarks (tetrahedral tents 3.46 m high) which were equally spaced in a set-up 300 m long, the feeder being placed between the third and fourth landmarks. In the tests, the number of tents between hive and feeder was altered. Even though many bees continued to search for food at the correct distance, the distance estimation of the bees as a group depended notably on the number of landmarks. If they encountered more landmarks on their way from the hive to the feeder than they had during training, significantly more bees landed at a shorter distance than during control tests with the training landmark set-up. If they encountered fewer landmarks, they flew significantly further. This behaviour meets the basic criteria in most definitions of true counting. Since, however, a transfer of the counting performance on different objects is unlikely to occur, the observed behaviour should be referred to as protocounting (Davis & Ptrusse 1988, Bebav. Bruin Sci., 114, 561-615). Landmark (proto-) counting is considered here a special application of a sequential memory for landmarks.
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How do bees measure the distance to a goal? It has been proposed that bees estimate distance by evaluating their energy investment during flight (Heran 1956; von Frisch 1967) . This view has been recently challenged by Esch et al. (1994) , and it is clear that such a system of distance estimation can be insticient, because flying animals are subject to the in5uences of wind. An animal as light as a bee has only very little motion inertia and is thus susceptible to changes in wind velocity.
Bees will fly at wind speeds that equal their own tight speed under cahn conditions (30 km/h; von Frisch & Lindauer 1955; Heran 1956; von Frisch 1967) . Without reference to the environment, they might end up hovering in a tied position in the air if winds of such velocity come from the front. However, bees compensate partially for head wind by raising their energy investment (i.e. they increase their own relative speed). In tail winds, their relative speed is diminished (Heran 1955 (Heran , 1956 ). These corrections are not possible by measuring energy investment alone. image motion (Heran & Lindauer 1963; Kirchner & Srinivasan 1989; Srinivasan et al. 1991) and/or refer to motion parallax cues (Srinivasan et al. 1990 ). They may also memorize specific landmarks together with a vector encoding the distance and direction from the hive (Cartwright & Collett 1987) and use these memories to update their estimation of distance during flight from time to time (Collett 1992).
Here we show that a sequence of identical landmarks is used by bees to estimate the distance to a goal. If the number of landmarks that they pass between hive and food source is altered relative to the training situation, significant numbers of the bees land at locations that differ markedly from the trained distance.
METHODS
Our experiments were set in a large level meadow (2 lcm2) practically devoid of natural orientation cues (near Wittenberge, Brandenburg, Germany). A hive was set up in the centre of this meadow. Honey bee, Apis mellijkra, workers were trained to collect sucrose solution at a site 262.5 m from the hive. Between 20 and 30 bees were continuously flying back and forth between the hive and the feeder.
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